Abstract
(66.7%) associated with oral candidiasis among the treated patients.
Cancer patients were highly colonized with different oral yeast Conclusion: species, which indicates that ITS sequence analysis is an accurate method for identification. This will aid effective management to prevent dissemination of disease especially among those who are under chemo and/or radiotherapy treatment. 
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Introduction
As a result of the immunocompromised state and the effect of chemotherapy, cancer patients are more susceptible to fungal infections, especially by Candida species (AI-Dwairi et al., 2014) . Candida species are commensal in human bodies, and become opportunistic pathogens in immunodefective patients. Sometimes they can cause systemic infections and colonize different organs due to their dissemination from the mucosal infected regions (Miceli et al., 2011) . Pfaller et al. (2006) and Wilson et al., (2002) reported that the systemic infections have considerable morbidity among those with severely paralyzed immune system.
The most common fungal infection is oropharyngeal candidiasis, which is more prevalent among cancer patients (Akapan & Morgan, 2002) . Recently infections with non-Candida albicans and rare common yeast genera, such as Pichia, Rhodotorula, and Saccharomyces, have been implicated; however, C. albicans remains the most prevalent species (Han et al., 2004 and Walsh et al., 2004) .
Yeast identification is of great importance for targeting proper treatments (Ramani et al., 1998) , since different species yield different antifungal response (Pfaller et al., 2003) . Conventional methods for yeast identification may be difficult and inconclusive (Reiss et al., 1998) especially for less common yeast. Thus more rapid and accurate molecular methods have been developed, among which ITS sequence analysis is found to be more accurate for species delineation (Chen et al., 2001 and Iwen et al., 2002) .
The ITS region is located between the highly conserved genes coding for 18S and 28S rRNA. The ITS region includes two none coding regions ITS1 and ITS2, which are separated by the highly conserved 5.8SrRNA gene (White et al., 1990) . The more genetic variability of ITS1 and ITS2 regions enables better identification of closely related species other than the adjacent rRNA gene (Ciardo et al., 2006) .
This study aimed to detect the prevalence of oral yeast species isolated from cancer patients by oral swab, in addition to other specimens (sputum and urine), using ITS sequence analysis, since little is known about this problem in Sudan.
Methods
Study design and participants
This was a cross-sectional, case-control study conducted in a period between April 2013 and December 2017.
The study involved 333 cancer patients referred to Isotope and Radiation Center, Khartoum, who were seeking anticancer treatment and during a routine check-up were enrolled in this study. The participants were classified into 168 patients under chemo and/or radiotherapy treatment (study group) and 165 cancer patients prior to starting anticancer treatment (control group). Study participants included 185 females and 148 males (mean age, 48 years old).
Written informed consent and structural questionnaire (see Supplementary File 1), including demographical data, site of cancer and cancer treatments, was obtained from each patient. The participants were ensured of anonymity and that only group findings will be reported.
To reduce any possible bias matching criteria was done, which included age, sex and type of cancer. Inclusion criteria: Any patient diagnosed with any type of cancer during or before starting cancer treatment, having age equal or above 18 year old, attending Isotope and Radiation Center, Khartoum was included in this study. Exclusion criteria: Patients on antifungal therapy for past two weeks were excluded from the study.
Sample collection
Oral swabs were collected from each patient (333 patients) to detect the prevalence of yeast infections and colonization among the treated and non-treated patients. Urine (n=9) and sputum (n=14) samples were collected from patients under treatment (study group), who exhibited the clinical features of urinary tract infection (UTI) and/or lower respiratory tract infection (LRT), respectively. These samples were taken in order to detect whether there is any dissemination from a patient's own oral yeast due to action of cancer treatments.
All specimens (n=356) were cultured without delay in Sabouraud's dextrose agar plates (SDA) to which chloramphenicol (0.05g/l) was added. Then the plates were incubated at 37°C for 24-48 hours. Phenotypic identification was made using Gram′s stain and germ tube test. Purified colonies were preserved on glycerol stock solution for molecular identification (Sherman et al., 1986) .
DNA extraction
The isolated strains were subbed from the stock solution on Sabouraud's dextrose agar medium and DNA extraction was performed from colonies that had been incubated for 48 hrs using Guanidine Chloride method as described by Gassoum et al. (2014) . Three to five colonies were washed with 5 ml phosphate buffer saline (PBS) (Sigma Aldrich) for three times. 2 ml white cell lysis buffer and 20 µl of proteinase K (10 mg/ml; iNtRON Inc, Korea) were added, vortexed and incubated at 37°C for overnight. Then 1 ml from Guanidine chloride (7M; iNtRON Inc, Korea) and 350 µl of ammonium acetate (7M; Loba Chemie, India) were added. The tubes were vortexed and incubated at 65°C in an oven for 2 hours. Then the supernatant was mixed with 2ml pre chilled chloroform (sd Fine-Chem limited, India) at 6000 RPM for 20 minutes and this was transferred into a new Falcon tube and completed to 10 ml volume with pre chilled absolute ethanol (Carlo Erba, France) and incubated overnight at -20°C for completion of DNA precipitation.
After incubation the tubes were centrifuged at 6000 RPM for 20 minutes, then the ethanol was poured off and the same step was repeated with 70% ethanol. After that the tubes were left to air dry. Finally DNA was suspended in 80 µl TE buffer (iNtRON Inc, Korea) and incubated at 4 °C until used. Nanodrop ND 1000
Spectrophotometer (NanoDrop Technologies, Inc.) was used to measure quality and quantity of DNA.
PCR amplification procedure
The universal fungal primers ITS1 (5′-TCC GTA GGT GAA CCT GCG G-3′) and ITS4 (5′-TCC TCC GCT TAT TGA TAT GC-3′) (Macrogen Inc. Korea) were used to amplify the entire ITS rDNA region (Zimbeck et al., 2010) . PCR mixture contained 5 µl pre mix (iNtRON Inc., Korea), 22µl deionized sterile water, 1 µl from each forward and reverse primer, and 1 µl of genomic DNA, which served as the DNA template in a final volume of 25 µl.
PCR cycling conditions were as follows: an initial denaturation step of 5 min at 95°C followed by 35 cycles of 45 s at 94°C, 45 s at 55°C, and 45 s at 72°C, with a final extension of 5 min at 72°C. The reactions were carried out in an ESCO thermocycler (AERIS-BG096, China).
The PCR products were analyzed on 2% agarose gels (iNtRON Inc., Korea) stained with ethidium bromide (10 ng/100 ml; Fisher Scientific, USA) and visualized under a UV transilluminator apparatus (Saratoga, CA.95070, USA Gel Documentation System) and Biodoct BDA system (Biometra, Germany).
DNA sequencing PCR products of 90 isolates from the cases and 87 isolates from the control group were purified and commercially sequenced using forward primer ITS1 and backward primer ITS4 by Macrogen Company (Seoul, Korea).
The sequences obtained in this study were identified by searching databases using BLAST sequence analysis tool (http://www. ncbi nlm.nih.gov/BLAST/). The sequences were compared using nucleotide-nucleotide BLAST (blastn) with default setting except that sequences were not filtered for low complexity. Species were identified based on the highest similarity score (100%) with reference database sequence.
Statistical analysis
Data was analyzed using SPSS 21. Frequencies and percent were obtained for frequency tables, Chi-squared test was used for goodness of fit. The relationships between variables tested were obtained using cross tables and Chi-squared (Fisher exact) test for independence. P-value ≤0.05 was considered as significant. 
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Results
The collected oral swabs (333 specimens), from 168 cancer patients with chemo and/or radiotherapy treatment (study group) and from 165 cancer patients (control group) without treatment were examined by cultural technique. Oral Candida species were isolated from 69/168 (41.1%) and 74/165 (44.8%) of patients among study and control groups, respectively.
Of the 168 study group, 23 patients with clinical symptoms of UTI and/or LRT infection had urine (n=9) and sputum (n=14) samples collected for detection of Candida species. The results showed that 2 out of 9 patients and 8 out of 14 patients were culture positive for Candida spp. (Table 1 ).
Among the culture positive patients (n=69 study group; n= 74 control group), the prevalence of oral candidiasis were 33.3% and 10.8% ,while the prevalence of oral colonization were 66.7% and 89.2% among the study and control patients, respectively (Table 2) .
Among the 69 positive cases in the study group, 13 patients exhibited mixed growth of oral yeast, while among the control group 25 patients exhibited mixed growth out of 74. As a result, the numbers of total isolates collected from different specimens from the study group were 92 and 99 isolates from the control group.
PCR products of ITS polymerized region revealed different band size for different species. C. albicans exhibited 500 bp ( Figure 1 ). In contrast, non-C. albicans Candida and less common yeast represented different band sizes ranging from 400-750 bp (Figure 2 ). DNA sequencing was performed for isolated yeast species (only 90 isolates from 67 out of 69 positive patients in study group and 87 isolates from 66 out of 74 positive patients in the control group). The result of the BLAST sequence analysis for species identification is shown in Table 3 .
The distribution of oral mixed species among the 67 study and 66 control groups is shown in Table 4 . Table 4 shows the distribution of oral mixed species among the (67) study and (66) control groups. It was found that although some patients represented different colonial morphology of mixed oral isolated yeast, they exhibited the same species on sequence identification.
The identified species were classified according to presence or absence of symptoms of oral candidiasis among the study and control group to detect their association with oral infection and colonization as in Figure 3 . This showed that C. albicans was the most common organism associated with oral infection (14 out of 21) and colonization (28 out of 46) among the study group. In the control group it had the same percentage (2/8; 25%) as C. tropicalis and mixed C. glabrata among oral symptomatic patients, whereas it was found to be the most common cause of colonization (21/58; 36.2%).
Identification of sputum isolates showed that C. albicans was isolated from both oral and sputum specimens from four patients, while three patients exhibited C. albicans from sputum specimens only (oral swabs were negative), and C. tropicalis was isolated from sputum specimen only from one patient. Regarding urine specimens, C. albicans was isolated from both oral and urine samples from one patient in contrast to mixed infections (Pichia kudriavzevii and Pichia kudriavzevii) that were isolated from oral swabs. C. glabrata was also isolated from the urine of another patient. 
Discussion
In the present study it was found that oral Candida isolates were obtained from 69 (41.1%) patients who were under treatment with chemo and/or radiotherapy treatments and from 74 (44.8%) patients without cancer treatment. Xu et al. (2013) found that oral infection was prevalent in 46% (391/850) of all cancer patients, while another study reported the incidence of oral candidiasis ranging from 7 to 52% in cancer patients on chemotherapy and/or radiotherapy (Lone et al., 2014) The present study revealed that 8 out of 14 patients were positive for sputum culture among the study group (Table 1) . Mohammed et al. (2016) and Ungureanu et al. (2016) reported slightly lower percentages of 30.50% and 33.75%, respectively, in comparison to this study (57.15%). This may be due to differences in study population, since cytotoxic and immunosuppressive therapies promote dissemination of Candida spp. through induction of cytopenias and/or immune cell dysfunction (Blot et al., 2008; Cruciani & Serpelloni, 2008) . Also this was expressed in the isolation of 22.2% of Candida species from urine culture of the treated patients among this study, which is relatively similar to Nigar et al. (2016) , who found out of 64 culture positive clinical specimens Candida species were identified from 18.75% urine specimens.
Among the study and control groups, the present study found that oral colonization was significantly (p<0.05) more common than oral Candida infection (66.7% vs 33.3% and 89.2% vs 10.8%, in both groups, respectively). Similar results have been reported by Lone et al. (2014) , who found the total colonization to be prevalent in 50% and oral candidiasis in 30% of all cancer patients. In contrast, oral Candida infection was more common (p<0.05) among the study group compared with the control group (33.3% vs 10.8%). A systematic review carried out by Lalla et al. (2010) reported that for all cancer treatments, the weighed prevalence of clinical oral fungal infection was found to be 7.5% pretreatment and 39.1% during treatment. This may be due to chemotherapeutic agents and therapeutic radiation that disrupts the mucosal banner of the mouth, leading to severe oral mucositis, gingivitis, and oral candidiasis. Blasting results of ITS sequence analysis in the present study revealed C. albicans was the most prevalent organism in the two groups (65.6% and 39.1%, study and control groups, respectively). These results are in agreement with previous reports (Ismet et al., 2016 and Aldossary et al., 2016) that studied the prevalence of oral Candida spp and demonstrated that C. albicans was the most prevalent organism.
The majority of oral infections are due to C. albicans but nonalbicans strains, such as C. glabrata and C. tropicalis, have increasingly been implicated in causing disease (Bagg et al., 2003) . Similar findings were observed in this study C. tropicalis was found to be the second most common isolate among the study group (14.4%) followed equally (7.8%) by C.glabrata and P. kudriavzevii, whereas among the control group C.glabrata was the second most common isolate (19.5%) followed by C. tropicalis (18.4%).
It was found that P. kudriavzevii (anamorph of Candida krusei) represented 12.6% among the control group, and P. sporocuriosa was isolated once from the study group only. In addition, C. lusitaniae (teleomorph of Candida lusitaniae) represented 4.6%, and C. dubliniensis represented 1.1% among the control group only (Table 3) . These findings are in agreement with Pfaller et al. (2010) , who performed a recent ten-year analysis of the worldwide distribution of non-albicans Candida species, and indicated that C. glabrata remains the most common non-albicans species and that C. parapsilosis, C. tropicalis, and C. krusei are also frequently isolated.
Less common yeast species were also detected in small numbers. L. fermentati appeared only once and M. capitatus twice among the study group, while among the control group the later along with S. cervisiae were detected among two patients (2.2%). These findings were in agreement with a study done by Han et al., 2004 and Walsh et al., 2004, who et al. (2016) found the presence of more than one yeast among orogastric cancer patients.
Regarding distribution of species according to presence or absence of symptoms of oral candidiasis, it was found that C. albicans was the most common isolate associated with infection 14/21 (66.7%) and colonization 28/46 (60.9%) among the study group. While among non-albicans Candida, the prevalence of C. tropicalis was 9.5% vs. 2.2% and C. glabrata was 4.8% vs. 4.3% among the oral symptomatic and non-symptomatic study patients, respectively ( Figure 3A) . Similarly Lone et al., (2014) observed C. albicans to be the most common species (74.39% vs. 65.4%) causing colonization and candidiasis in cancer patients, respectively. Whereas they found C. glabrata was the second most common species followed by C. tropicalis and C. parapsilosis to cause colonization as well as candidiasis in cancer patients. This may be due to geographical region variation.
In contrast, among the control group C. albicans was detected as the same percentage (2/8; 25%) as C. tropicalis and the mixed C. glabrata among oral symptomatic patients, whereas it represents the most common cause of colonization (21/58; 36.2%) followed by C. glabrata ( Figure 3B ). This may be due to small number of symptomatic control patients due to the absence of any cancer treatment since it is a predisposing factor for initiation of oral infection by the colonized organisms, mainly by C. albicans, which is the most virulent organism.
Among the isolated Candida species from sputum and urine specimens, C. albicans was isolated from both oral and sputum specimens from four patients and from both oral and urine from one patient. These patients may have gained the infection or colonization in these organs from their own oral colonized Candida species. Other studies reported that colonized Candida can invade the underlying mucosa and enter the blood stream leading onto disseminated disease with considerable morbidity and mortality if not treated promptly (Lalla et al., 2010 and Shokohi et al., 2011) .
Conclusion
The present study demonstrates that cancer patients were highly colonized with oral yeast species. C. albicans was the most common isolate associated with oral infection and colonization among the treated cancer patients. In contrast with control group it occupied a higher percent among the colonized species only. As the control group were not under cancer treatment, this lead to oral infection and disseminations to other organs. So early detection and identification of colo- We have read this submission. We believe that we have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however we have significant reservations, as outlined above.
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